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About EBTC and its projects

Why systematic review of literature for
safety test methods assessment?

Examples of EBTC SRs in toxicology:
» Zebrafish embryotixicity test SR
* Tox21 SR

Challenges
The future: text mining and Al
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What is EBTC?

EBTC isaan‘international collaboration of sciénce, regulatory and industry leaders thatis
formed to establish and coordinate evidence-based, transparent toxicology and safety
assessment methods to improve the risk assessment standards for regulatory decision making.

EBTC's Vision:

Evidence-based toxicology is the standard used to ensure public health, a healthy environment
and a sustainable future.

EBTC's Mission:

Bring together the international toxicology community to facilitate use of evidence-based toxicology
to inform regulatory, environmental and public health decisions.

EBTC Funding:
JHBSHE Safer Medicines Trust and Beagle Freedom Prize

Where is EBTC?
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i

ractica

applications I ~ Zebrafish Embryotoxicity

Systematic Review WG

Tox 21 Systematic Review WG 5
In Vitro Critical

Communication and edu

Good Cell Culture Practice WG
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Scient‘ific‘Advisory

Evidence-Based Tonicology
Collaboration

www.ebtox.org mwm

Waork Groups
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John R. “Jack” Fowle lll  formerly at the US EPA; Consultant, Science To Info
LLC (President of the Board)

Gerry Kenna Safer Medciines, Trust, UK Q“éﬁﬁﬁi’&tw

Suzanne Fitzpatrick Senior Toxicology Advisor, US FDA Council

Thomas Hartung Chair, Evidence-Based Toxicology, Johns Hopkins
University, Director of Center of Alternatives to Ani
Testing @

Kris Thayer Director, IRIS, US EPA |

James Freeman Distinguished Toxicology Associate, ExxonMobil ¢ usmes

Emily Sena CAMARADES, University of Edinburg, UK

Didier Verloo Head of the Assessment and Methodological Support
Unit, European Food safety Agency

Sebastian Hottmann EBTC stalf {non-voting member)

Rob deVries SYRUCLE {non-voting member)

Martin Stephens lohns Hopking Undversity [EBTY staffl {non-voting member)

Hatya Tsaloun Johns Hopking University {(EBTC staff) {non-voting member)
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1 Fran Kruszewski ACl USA |
2 Manoj Lalu OHRI Can A
3 Julie Goodman Gradient USA C
4 Vince Cogliano EPA USA G
5 Carl Westmoreland Unilever UK |
6 Malcolm Macleod CAMARADES EU A
7 Richard Judson EPA USA G
8 Rodger Curren 1IVS USA N .
9 Daniele Wikoff ToxStrategies UsA  iC Rob de VNQS? SYRCLE
10 Joanna Rochester TDEX USA N SAL Chair
11 Mariska Leeflang Bond university, Amsterdam EU A
12 Miranda Langendam GRADE EU A
13 Robert Wright JHU USA A
14 Barry Hardy Douglas Connect / OpenTox EU N
15 Alan Boobis Imperial College EU A
16 Annette Kopp-Schneider Cancer Research Centre EU A
17 Hubert Dirven Public health institute Norway EU G
18 Paul Whaley Lancaster University EU A
19 Simin N. Meydani Tufts University / USDA USA A/G
20 Elisa Aiassa EFSA EU G
21 lan Kimber University of Manchester EU A
Daniele Wikoff,
Tox Strategies
HMew member: Anne Gourmelon SAC Vice-Chair
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Study
evidence

Bedy of

Dedsion-
e

Effi

Under development
GRADE/EBIC

CLINICAL

Safety Effi
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istory of evidence-base

Origin:
— Clinical trials in medicine

— Qrganized and developed by Cochrane Collaboration: www.cochrane.org

Field of Application:

— Compare medical treatments

ialor principles:
— Transparency

— Consistency
— Statistical rigor
— Minimization of risk of bias that impacts study quality

— Systematic step-wise approach

in instrument:
— Systematic review — why?
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It’s Hard for Doctors to Unlearn
Things. That’s Costly for All of Us.

Procedures Bve on even after they've been proved ineffective, It can
fead to harms and wasted resources,

it took 30
years
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5

-consuming

Time- and resource

2

Non-comprehensive

Focus on prediction of status guo

test fnot refevont fo moln question)

ED_002220_00001241-00012



Legal underlying reasons for regulatory testing
* High legal barriers for changing regulatory requirements
Many agency stakeholders are involved
Different requirements in different countries
*  Harmonization is needed
Current validation efforts are focused on precision
* Need focus on species relevance

Can evidence-based methods provided the
needed evidence?
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How can SR assist in test validation? Proof-of-
arinciple,

ED_002220_00001241-00014



¥ - population

E - exposure
- comparator / control
- outcomes
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index Test

What is the performance of the

predicting the presence and absence of
in guidelines studies of prenatal development toxicity
in rats and rabbits (OECD TG 414 and equivalents)?

Zebrafish Embryo Test (ZET) in

alformations

Y
é H ® h H I \?\W N EORSR BRIy By $o S B “\S\‘s\x\ g s
Population: chemicals Comparator Test
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Search strategy with results
LECE stidiag g e

Literatere search in the databases | = muee ’ Literature sesrch in the &
PubMed, Biosis, Toxline, & Fmbase: 2072 | | Other sources: 0 | PabMed, Biosis, Toxling, & Embase: 19872 | | Other sources: 0 |

Search results efter de-duplication: 7772 | Segrch resulis afier & Hcation: B892 |

1

Title & abstract review applying ex-Anclusion criteria: 4125 (3647 Title & abstract review applying ex-/ criteria @

{exclnsion ar revizwing by DistillerSR Al foolkit planned)

T
T

Iacluded: 342
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ACTIVE SCREENER

Sersan Beforence

j ; iCime
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§
Validation: Recall Esti « Active Screener tells u when to
stop screening
WSS Num Docs

Dataset Obt . .
transgenerational » Validated Active Screener results
neuropain on 20 Datasets previously
bpa 063 268 screened manually
pfos pfoa 0.619 181
fluoride 0.518 214 ] o
statine 0492 160 = Pyrple highlight indicates datasets
ace_ inhibitors 0.368 151 with ca. 2000 total documents;
betablockers 0.211 162 for these, average WSS obtained
opiods 0.174 156 is 63%
skeletalmusclerelaxants 0.07 152 IS °
protonpumpinhibitors 0.375
calciumchannelblockers 0.469 * Software’s recall estimate is
atypical_antipsychotics 0.241 conservative. When targeted 95%
adhd 0.208 recall, Actual recsil averaged
triptans 0.195 ’ g .
oralhypoglycemics nicd 98.8% across all 20 datasets, with
nsaids 0374 100% recall for 13/20 datasets
estrogens 0.355
urinaryincontinence 0.247
antihistamines 0.149 -
WSS work saved over random sampling /(:; g;j} me
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Embryotoxicity test methids somparisan (027}: Litersitee Tagier

5%

o orgutiua shudion

yotouitity test it

2

singlo ahermica

ey

Tter #i - other inclusion criterie not met

HAWC visualization generated on October 19 2017, 05:54 PM

https://hawcproject.org/lit/assessment/556/references/visualization/

ED_002220_00001241-00020



FRIMECT START

Zebrafish Embryotoxicity SR: software effect

7772 de-duplicated records * Smin => 81 calendar days (8h/day/one person)
waork saved over random sampling (WSS): 48.2%

Sciome Active Screener software

il ol
Y SomEENING
STARTER

SEARCH .
ST R FROUECY Enly
W EORMED ST R
E FIRUEHED

BRAET
BROTOOOL BILOT STUDY
STARTEN

LEVEL D
L somEeNiNG
EEVL O AN
senpprnAHHED
FINISHED

Ouestion formulation, protocol development

2012 2013 2014 2015 2016 2018
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index Test

Main question:
liver outcomes in
primates) and humans ?

he ToxCast in vitro tests predict the
ats, Beagle dogs, non-human

Comparator tests

Use a data set fro m the Safer Medicines / US EPA ToxCast
study
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Public Health)

Gunn Vist Sricharan Bandhakavi
(Norwegian Institute of {Northeastern University)

Jyotsna Mehta
(KEVA Health)

*FDA LTKB
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Hubert Dirven - group co-leader
Rob Wright

Ahmed Abdelaziz

Maja Brajnik

Gunn Elisabeth Vist

Thomas Luechtefeld
Rebecca Ram

Alan Boobis
Daniele Wikoff
Jyotsna Mehta
Seneca Harvey
Gerry Kenna
Noffisat Oki
Thomas Exner
Kelly Berube
Kleinstreuer, Nicole
Kristina Thayer
Gladys Ouedraogo
Rotiger Curren
Barry Hardy

Catl Westmoreland
Richard Judson
Chester Ridriguez
Matthew Wheeler
Sebastian Hoffmann
Martin Stephens
Jack Fowle

Thomas Hartung

Katya Tsaioun - group co-leader

Norwegian Public Health Institute
Johhns Hopkins University

Douglas Connect

Douglas Connect

Narwegian Public Health Institute

Center for Alternatives to Arimal Testing at Johns Hopkins Bloomberg School
of Public Health

Safer Medicines Trust

Imperial College London

Tox Strategies

Keva Health

Tox Strategies

Safer Medicines Trust

Douglas Connect

Douglas Connect

Cardiff university

US NIEHS

US EPA

L'Oreal

Institute for In vitro Sciences

Douglas Connect

Unilever

USEPA

Coca-Cola

€pe

EBTC at Johns Hopkins Bloomberg School of Public Health
EBIC at Johns Hopkins Bloomberg School of Public Health
Science to Inform, EBIC

Center for Alternatives to Animal Testing at Johns Hopkins Bloomberg School

of Public Health b

EBTC
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Stream 1 - Systematic erature review of adverse effects in
gxperimental animals and humans

March 31, 2017

January 11, 2018

357 papers selected March 10, 2018
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. Records identified through
& database searching
,‘g {n = 8,380} Additional records identified
5 Databases searched: PubMed, through other sources
= Embase, and Web of Science {n=)
§
RERamD h 4 X
. Records after duplicates removed
(n=6,805 )
£
3
g A
w0 Records screened Records excluded — out of
{n= 6,805} i scope
L l {n=6,190 )
Full-text articles assessed Full-text articles excluded,
» for eligibility gl {n=282)
= (n=615) 122 No primary data
g 66 No liver outcomes
l 31 Drug Combination
(R Studies being extracted 24 No included compounds
{n=357) 9 Case report
T 8 Duplicate
7 Altered animal model
= l 7 Excluded language
% [ No in vivo data
% Studies included in
=5 quantitative synthesis
{meta-analysis)
Niiisd tn=
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How to better leverage preclinical data for
eliminating bad drugs from going into clinical

trials/market ?

DRUG DISCOVERY & DEVELOPMENT TIMELINE

CLIRICAL TRIALS

i o)
HSE b (SHey st
i?m% 3 (Bifleaty i

5.5 YEARS 7 YEAKRE ~3.% YEARS

https://www.slideshare.net/rahul_pharma/drug-discovery-and-development-10698660

Vg k Cave sy
& & &3
B B £ £3
£ 3
FIELS
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Troglitazone
Bosi-Dill-Concern
withdrawn
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Anti-diabetic TZD grugs, Trogiitazone ang
Rosiglitazone, stimulate insulin function by targeting
PPARy

fnyahin

Thimeolidinedionss (T20sh

{in mrorket since 1999} Bosigh

Feadnd— Targed: PPARy

3 Tragigazene v Hengigarsne:
\\ Lrvey Fadine Expeiisst-s foea Lnncl
Y 1Ease emsed by ot
4
* 1
3 tropaioton %
|
/
/
o , a
~.. Adioporyte 7
e, s

i VRS

doter feait-based
o o ; e L
http/ltmedweb. tulone edu/pharmwiki/doku. pho/thiozolidinediones & 4 43

www. dighetesincontrol.com (Handbook of Diabetes, 4t edition excerpt)
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Wi FORMED

SROGECT END

DRART PROTOOOY

LRIESTION
formulation,
protocol
development

£EVEL

DATAERTRAUTED

MANURIRIRY
SUBNMRTIED

2016

2017

2018-2019
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Agenda: EBTC Tox21
Stakeholder Input meeti

Eatys

1 Walnome

b

i test rusthods validation

v P ¥% 85 & potential integration tood - Kate

FiE sl
Barudials

1. groun 2 dgta s, i witrs TanCast d

Patisnos Browers (GIOMG e Rob de Weles, SYRCLEL
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* Duration and expense:

* Process takes ~2 years and requires expensive reviewers to manually
review papers

* Preclinical literature reporting quality:
*  Missing data
* Incomplete methodologies
* Lack of mature toxicology MeSH tree
* Lack of consistent terminology in outcomes reporting

* Lack of agreement on ontologies (in vitro and newer models such as
zebrafish)

* Variety of study designs

* Lack of established methodologies to assess such study quality
and risk of bias
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Preclinical research quality:

Publish or perish:

Reporting structure:

Incomplete data reporting (e.g., accounting for missing animals)
Incomplete methods reporting

Lack of standardization in many models or outcomes (e.g.,
histopathology scoring)

Lack of power calculation
No requirement to publish the research protocol
Duplication of studies

One study published in multiple papers

Lack of structured abstract with key elements of the study reported
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* Demand transparency from the grantees:

* Require pre-publishing research protocols

Fund development of Infrastruciurs

* Require reporting all data collected {e.g., individual animal data)

* Ensure the study is adequately powered:
* Require power calculation
* Require the proper literature search to demonstrate the need for
the proposed research (e.g., systematic map)
*  Funding and time should be allowed for this work
* Establish funding mechanisms for translational, cross-discipline
and systematic reviews — it is systematically underfunded
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evidence

evidence
to policy

Al opportunity
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EBS

Enter PECO question into an Al-powered browser
Receive the literature summary and meta-analysis in real time

Al-powered continuous update of the data — a living
Systematic Review
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» Systematic maps project (graph database technology-based) —
collaboration with Lancaster University

* Establishing a framewaork for evidence integration (stakeholder
meeting October 25)

* Develop and validate Critical Appraisal Tool for in vitro studies
(protocol approved, search executed and is conducted by NIEHS)

* Work with journal editors to establish criteria for structured
abstracts in non-clinical literature (Tox journal editors workshop
at RTP, Durham, NC May 29-31 2019)

* Working with NLM on developing Toxcology Search Terms (ToSH
Terms) to complement MeSH terms to facilitate literature
searches
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Objective is to develop a new approach to providing broad
summaries of the characteristics of a large body of research
which is relevant to informing a risk management decision
Systematic reviews synthesise a relatively small number of
studies to determine what is already known in answer to a
focused research question

But decisions about what to systematically review, to be
evidence-based, require an understanding of the overall
geography of the evidence in a topic area: where are the
gaps and where are the gluts?

Systematic maps are an essential prior step in efficiently
allocating research capacity for providing relevant evidence
to decision-making processes
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EBTC staff:

— Martin Stephens, Founding Director of EBTC
— Sebastian Hoffmann, SEH Consulting
— Paul Whaley, University of Lancaster
Rob de Vries, SYRCLE

EBTC Board of Trustees

EBTC Scientific Advisory Council
EBTC Zebrafish Working Group
EBTC Tox21 Working Group

Northeastern University Capstone Data Science Students:
— Sri Bandhakavi
— Nia Peace

ED_002220_00001241-00042



Questions?

kisaiou1@ijhu.edu

+1-410-456-2032
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index Test

Main question:
liver outcomes in
primates) and humans ?

he ToxCast in vitro tests predict the
ats, Beagle dogs, non-human

Comparator tests

Use a data set fro m the Safer Medicines / US EPA ToxCast
study
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Public Health)

Gunn Vist Sricharan Bandhakavi
(Norwegian Institute of {Northeastern University)

Jyotsna Mehta
(KEVA Health)

*FDA LTKB
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Hubert Dirven - group co-leader
Rob Wright

Ahmed Abdelaziz

Maja Brajnik

Gunn Elisabeth Vist

Thomas Luechtefeld
Rebecca Ram

Alan Boobis
Daniele Wikoff
Jyotsna Mehta
Seneca Harvey
Gerry Kenna
Noffisat Oki
Thomas Exner
Kelly Berube
Kleinstreuer, Nicole
Kristina Thayer
Gladys Ouedraogo
Rotiger Curren
Barry Hardy

Catl Westmoreland
Richard Judson
Chester Ridriguez
Matthew Wheeler
Sebastian Hoffmann
Martin Stephens
Jack Fowle

Thomas Hartung

Katya Tsaioun - group co-leader

Norwegian Public Health Institute
Johhns Hopkins University

Douglas Connect

Douglas Connect

Narwegian Public Health Institute

Center for Alternatives to Arimal Testing at Johns Hopkins Bloomberg School
of Public Health

Safer Medicines Trust

Imperial College London

Tox Strategies

Keva Health

Tox Strategies

Safer Medicines Trust

Douglas Connect

Douglas Connect

Cardiff university

US NIEHS

US EPA

L'Oreal

Institute for In vitro Sciences

Douglas Connect

Unilever

USEPA

Coca-Cola

€pe

EBTC at Johns Hopkins Bloomberg School of Public Health
EBIC at Johns Hopkins Bloomberg School of Public Health
Science to Inform, EBIC

Center for Alternatives to Animal Testing at Johns Hopkins Bloomberg School

of Public Health b

EBTC
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Stream 1 - Systematic erature review of adverse effects in
gxperimental animals and humans

March 31, 2017

January 11, 2018

357 papers selected March 10, 2018
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. Records identified through
& database searching
,‘g {n = 8,380} Additional records identified
5 Databases searched: PubMed, through other sources
= Embase, and Web of Science {n=)
§
RERamD h 4 X
. Records after duplicates removed
(n=6,805 )
£
3
g A
w0 Records screened Records excluded — out of
{n= 6,805} i scope
L l {n=6,190 )
Full-text articles assessed Full-text articles excluded,
» for eligibility gl {n=282)
= (n=615) 122 No primary data
g 66 No liver outcomes
l 31 Drug Combination
(R Studies being extracted 24 No included compounds
{n=357) 9 Case report
T 8 Duplicate
7 Altered animal model
= l 7 Excluded language
% [ No in vivo data
% Studies included in
=5 quantitative synthesis
{meta-analysis)
Niiisd tn=
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l

Pasitive with Troglitazong only

Positive with both Troglitazone and Rosightazone Maleate
Positive with Rosiglitazone Maleate only

l

Catalog biological processes affected & their protein targets/families for each driig
Stratity protein targets/drue based on potential for activation in patients
Highlight stratified non-specific protein targets for each dgrug

l
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EF XC

Higher # of “positive” tests for Troglitazone relative to

Ros

Workflow

Tox21 dataset

For chosen drugs, identify all tests with results
{i.e., those with “EC50” NOT equal TO NA}

Rosiglitazone
Maleate
{437 tests)

From common {437) tests, identify “positives”
(i.e., those with “EC50” < 10°}

ast In vitro data:

iglitazone

Results
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cell ovele

cell death

ell morphology
Il proliferation
cytotoxicity

e

itochondrial depolarization
[P

Count

i - ddative phosphorlation
otein stahilization
gulation of catalytic activity

gulation of gene expressian

regulatmn of steatosis
RS ETe ”%”mgésmmne

\ regulatmn oftranscription factor activity
Crugname

Troglitazone is affecting more biological processes
and target classes
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Troglitazone vields higher # of positive
tests across protein targets and biological
Drocesses

n=21
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Stratification of targets’ activation
potential in humans using Normalized
Activation Score

Toxic levels
08 f/,wm ~~~~~~~~~~~~~~~~~~ Sl “re
& %’t Y 2 rissurbun w3 activg T
g i vty .
8 / E T
- ./
G Mmoo e w~/~~ 8¢, £ ~
&% t /f‘ i 1 . :J’ b e B ‘,E:?‘.,"’%'.‘.‘.« e (]
# 3 ) / oA 2 4
t 1 3 t > i
} / : t 3 “® ; i o
1 ¥ o
/ t i 3
o § 3 3 ) .

3. 1.0 10 iy
CONCENTRATION
Potency: Drug A > Drug B > Drug C> Drug D Crnax is closestto toxic levels of drug

ifC... (of drug in humans) is > EC50 (for any in vitro/cellular assay) higher potential for activation;

max
€ ECH0

IfC, << EC50, lower potential for activation — (Nermalized) Activation Score =

max

max
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Potential non-specific transcriptional
regulator activations/level by
Rosiglitazone in patients

Lo cthention fevad {11}

" (Normalized) Activation Score

**Cmax (Rosiglitazone Maleate) = 598 ng/mi (at 8mg/day dose) = 1.34 umoles/L
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otential non-specific transcriptional
regulator activations/level by Troglitazone
in patients

isEst cethent

4T )

**Cmax (Troglitazone) = 2.82 pg/mt (ot 600mg/day dose) = 6.38 umoles/L

A0
(N
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About VigiBase

VigiBase is the unigue WHO global database o

{ICSRs). It is the largest database of its kind in the world, with over 16 million
reports of suspected adverse effects of medicines, submitted, since 1968, by
member countries of the WHO Programme for International Drug Monitoring.
It is continuously updated with incoming reports.

Rbhishek Gar
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« Comparisons of frequencies of ‘Liver Related’ Adverse Events
vs. ‘Other’ Adverse Events

OSpecific Health Outcomes / (according to MedDRA codes)
@OSecondary analyses:

- Dose analyses

- Demographics and Gender
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¢ Systematic literature review:
* Publication bias
» Lack of regulatory animal tox studies
* Positive results bias
* Reporting deficiencies

* EPA ToxCast:

* Limited set of assays selected ~ 2005
* Varied EC50 calculation algorithms (may need to use primary data)
* Not all drugs tested in all assays

* Vigibase:
* Not randomized studies
*  Nodirect data on the number of prescriptions
* Reporting incompleteness and potential biases
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* SR:
*  Manual process to search, review and extract data
* Develop a way to extract and connect diverse outcome
measures, e.g..
* In vitro: AC50 or point-of-departure

* Animal: LOAELs, NOAELs {animal), biomarkers of organ toxicity, -omics

*  Human: Biomarkers of organ toxicity, -omics, AE frequencies (human

pharmacovigilance, other epi-observational studies), MedDRA terms, Diagosis
codes, Adverse Events in clinical trials (human RCTs)

» Connect these outcomes to AOP (or create a systematic
map to assemble into a systematic AOP?)
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FROBCTSTARY

o

WS PORaED

BRaE

PROTOCOt ¢
Cuestion 50
formulation,
protocsd
development
2016 2017 2018
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